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T H E  C H E M IS T R Y  O F  T H E  N U C L E IC A C IDS  
A N D  N U C L E O P R O T E INS  

By  J. M . G U L L A N D ,  G . R. B A R K E R ,  A N D  D. 0. J O R D A N  

Depo r tmen t  of Chemist ry ,  Univers i ty  Co l l e ge ,  No t t i ngham,  E n g h n d  

Th is  cont r ibu t ion  makes  n o  at tempt  to b e  a  comp le te  c o m p e n d i u m  
of the  l i te rature bu t  is d es i g ned  as  a  cr it ical su rvey  of the  p resen t  pos i -  
t ion in  a  few ma i n  sect ions of this f ield. Cons i de r ab l e  diff icult ies a n d  
de lays  h a ve  b e e n  encoun t e r ed  in  ob ta i n i ng  cop ies  of cer ta in  j ou rna ls  
a n d  any  omiss ions  o n  this sco re  a r e  regret ted.  

N U C L E O P R O T E I N S  A N D  N U C L E I C  A C I D S  

Iso lat ion of nuc leop ro te i ns . -Many  m e thods  for iso la t ing nuc l eo -  
p ro te ins  invo lve  a  stage,  e i the r  du r i n g  the  ext ract ion o r  m o r e  gene ra l l y  
in  the  prec ip i ta t ion p rocess,  wh i ch  is re lat ive ly drast ic a n d  m a y  p ro -  
d u ce  a n  a l te ra t ion in  the  chem i ca1  a n d  phys ica l  p rope r t i es  of the  
nuc l eop ro te i n  ; thus the  major i ty  of p repa ra t i ons  invo lve  prec ip i ta t ion 
of the  ext racted m a ter ia l  w i th hyd roch lo r i c  o r  acet ic ac ids.  T h e  ex -  
t ract ion p rocesses  vary  cons ide rab ly  a n d  emp l o y  wate r  ( 1  to 13) ,  
d i lu te  a lka l i ne  so lu t ion  ( 1 4  to 17) ,  s od i um  ch lo r i de  so lu t ion  (18,  19 ,  
20) ,  o r  buf fe r  so lu t ions of p H  va lues  r a ng i n g  f rom 4  to 1 1  ( 2 1  to 26) ,  
f o l l owed  in  e a ch  case  by  prec ip i ta t ion wi th ac id.  It h as  b e e n  sugges ted  
( 27 )  that nuc leop ro te i ns  p r e p a r e d  thus a r e  of va r i ab le  compos i t i on ,  
the  p rec ip i ta ted nuc le ic  ac id  ca r ry ing  wi th it va ry ing  quant i t ies of 
l oose ly  b o u n d  prote in ,  a n d  these  m e thods  a r e  n o w  cons i de r ed  unsat is -  
factory ( 28 )  in  v i ew of the  poss ib l e  r up tu re  of the  nuc le ic  ac id -p ro te in  
b o n d  du r i n g  the  ac id  prec ip i tat ion.  A  m o r e  cont ro l l ed  ext ract ion of 
l iver nuc l eop ro te i n  is that in  wh i ch  the  t issue was  t rea ted  wi th a  so lu -  
t ion con ta i n i ng  0 . 0 3M  sod i um  b i ca rbona te  a n d  0 . 5M  po tass ium 
ch lo r i de  (29,  3 0 )  a n d  the  nuc l eop ro te i n  p rec ip i ta ted by  ad jus t i ng  the  
so lu t ion  to p H  4.2. E v e n  these  cond i t i ons  may,  howeve r ,  b e  too  
drast ic, a n d  m o r e  recent ly  at tent ion h as  b e e n  concen t ra ted  o n  mod i -  
f icat ions of the  o r i g ina l  m i l d  m e thods  ( 1  to 11 ,  15) ,  c oup l e d  wi th 
p rec ip i ta t ion of the  nuc l eop ro te i n  wi th sa tu ra ted  a m m o n i u m  su lpha te  
(12,  3 1 )  o r  ca lc ium ch lo r i de  (6, 7, 3 2 )  so lut ions.  Thus  a n  ea r ly  
m e thod  ( 32 )  h as  b e e n  mod i f i ed  ( 33 )  whe r e by  f resh p u l p e d  calf thy- 
m u s  is ext racted wi th wa te r  at 5 ” C. for twenty- four  to thirty-six 
hou rs ,  a n d  after c lar i f icat ion of the  extract the’nuc l eop ro te i n  is p r e -  
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differentiation of the cell, and from which, for instance, the secretory 
granules of the pancreas ore derived. 

An interesting aspect of the nucleic acids of bacterial cells has been 
revived recently. For some time it has been known that Gram-positive 
pncumococci can become Gram-negative, and this change was brought 
about by extracting the cells in neutral solution (20) and by an en- 
zyme, apparently identical with the pancreas enayme which acts upon 
yeast ribonucleic acid (226)., The material released into the solution 
during the former process contained pentose nucleic acid and a nucleo- 
protein (20, 227). A similar change has now been effected in yeast 
cells and Gram-positive bacteria by extraction with a solution of a bile 
salt (228), and it was also possible to restore the Gram-positive re- 
action by replacing the responsible material, an essential component 
of which appears to be the magnesium salt of a pentose nucleic acid ; 
other salts of nucleic acid could not be plated back in this way. In 
agreement with the previous workers, the stainable material could be 
progressively extracted, that part on the surface of the cell being re- 
moved first. 

INDUCED TBANSFOPMATION OF PNEUMOCOCCAL TYPES 

Among micro-organisms, the most striking example of the repro- 
ducible and controllable induction of inheritable and specific altera- 
tions in cell structure and function is the transformation of specific 
types of pneumococcus. This type of change has been brought about 
both in viv4 and ix Z&O, and analogous transformations have been 
carried out in the field of viruses (for references, see 62). Avery, 
MacLeod & McCarty (62) have now isolated from type III pneu- 
mococci a biologically active fraction which in exceedingly minute 
amounts is capable under appropriate conditions of inducing the trans- 
formation of unencapsulated R variants of pneumococcus type II 
into fully encapsulated S cells of type III. Other variants are not 
transformed in this way. Examination of the active extract indicated, 

:within the limits of the methods employed, that protein, unbound: 
lipoid, and serologically active polysaccharide were absent, and that it 
consisted principally, if not solely, of a sodium salt, in homogeneous 
viscous form, of a desoxypentose nucleic acid of molecular weight of 
the order of SOO,ooO. It is possible, as the authors suggest, that the 
biological activity of the material is not an inherent property of the 
nucleic acid but is due to minute amounts of some ofher substance so 
intimately associated with it as to escape d&c&m. If, however, as 
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the evidence strongly suggests, the transforming principle is a sodium 
salt of a dcsoxypentose nucleic acid, this type of polynuckotide must 
be regarded not merely as s&turally important but as functionally 
active in determining the biochemical activities and specific character- 
istics of pneumococcal ceils. This would appear to be the first occasion 
on which specific transformation has been experimentally induced 
in vitro by a chemically defined substance, and its implications are of 
the greatest importance in the fields of genetics, virology, and cancer 
research. 
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the evidence strongly suggests, the transforming principle is a sodium 
salt of a desoxypentose nucleic acid, this type of polynucleotide must 
be regarded not merely as structurally important but as functionally 
active in determining the biochemical activities and specific character- 
istics of pneumococcal ceils. This would appear to be the first occasion 
on which specific transformation has been experimentally induced 
in ti~ifr~ by a chemically defined substance, and its implications are of 
the greatest importance in the fields of genetics, virology, and cancer 
research. 
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